Virus-specific lymphocyte proliferation in the presence of cytomegalovirus (CMV) without and with monocytes was studied in healthy persons. Three categories of lymphocyte response could be distinguished: seropositive low responders, naturally high responders, and lymphocyte populations responding well to CMV antigen in the presence of added CMV-incubated autologous monocytes. This latter category could be identified by preincubating autologous monocytes with CMV. CMV-seronegative persons were nonresponders. Early CMV antigens were produced in monocytes but not in lymphocytes by all CMV isolates. Infection of monocytes as detected by antibody to early viral protein did not appear to abort the antigen-presenting ability. The virus-specific responding lymphocytes were mainly of the T4+ phenotype. In contrast, addition of CMV to polyclonal mitogens significantly suppressed total lymphocyte DNA synthesis. CMV thus may have an enhanced virus-specific stimulatory effect on lymphocytes together with monocytes but a suppressive effect on the total lymphocyte population.
Cytomegalovirus (CMV) infection leads to sustained general immunosuppression of the host, with a decreased T4+-T8+ cell ratio (5) . The outcome in individuals who are already immunosuppressed is sometimes lethal, and survival may depend on the patient's cytolytic lymphocyte responses (18, 19) . T4+ cells helping the development of immunoglobulin response by B cells have been shown to be dependent on expression of class II major histocompatibility antigens in connection with several viral antigens (7, 15) . The lymphocyte DNA stimulation assay with CMV antigen in vitro is virus specific (16a, 16b, 17, 18, 27) . This response is probably major histocompatibility restricted, since responses to herpes simplex virus were proven to be so in humans and experimental animals (1, 7, 14) . The respective roles of the subsets of T cells efficient in various stages of latent and reactivated herpesvirus infection are, however, not yet clear (16) .
The presentation of both foreign and autoantigens to T helper cells appears to be most efficient with monocytes and macrophages (24) . It is known that monocytes are primarily infected by CMV and that fresh CMV isolates in particular have this capacity (10, 21) .
The apparent dual effect of CMV of stimulation and suppression was investigated in in vitro populations of lymphocytes from healthy persons. The question studied was whether CMV infection of the antigen-presenting monocyte population would lead to suppressed or (23) . Nine different isolates as well as the laboratory strain CMV Ad. 169 were used. The CMV late antigen titers measured with the CMV isolates on HL were 0.5 x 104 to 0.5 x 106 late antigen units/ml (see below); the early antigen (EA) inducing titers were 104 to 106 EA units/ml (9, 25) . After UV irradiation for 30 min, all CMV isolates were rendered noninfectious (27) . Control antigen was prepared from uninfected HL cells. CMV nucleocapsid antigen was prepared from infected HL cell nuclei (23 to study whether CMV has a direct effect on mitogenic lymphocyte responses, CMV was added together with PHA or PWM to lymphocyte populations that were not monocyte depleted ( Table 3 ). The polyclonal lymphocyte DNA synthesis caused by PHA was significantly decreased (P < 0.001; Student's t test) by CMV. This was true with lymphocytes from CMV-seronegative as well as CMV-seropositive persons on day 3, which is the optimal day of PHA response. A decrease was still evident on day 6 (P < 0.01). With PWM, the reduction was similar (P < 0.001 on days 3 and 6). The lymphocyte phenotype found with PHA stimulation consisted of equal proportions of T4 and T8 cells ( Table 2) . CMV nucleocapsid antigen was used for stimulation of lymphocytes of a seropositive and a seronegative person in the presence and absence of PHA. Only the seropositive person's PHA response was decreased by CMV antigen. DISCUSSION The specific cellular response to CMV, as measured by DNA synthesis in vitro, could be enhanced by subjecting the lymphocytes to monocytes incubated with CMV. In this manner a group of CMV-seropositive persons could be distinguished, whose lymphocyte DNA proliferative response increased considerably. It is probably the superior antigen presentation of the added monocyte population which enhanced the lymphocyte reactivity. We have found (16b) that CMV antigen presented in solid phase is advantageous for specific T-cell proliferation. It cannot be excluded, however, that in some patients suppressor T cells were more strongly activated when the lymphocyte population was preincubated with CMV, leading to decreased total T-cell response.
In several cases, lymphocyte reactivity was already high, and the addition of monocytes with CMV increased it only slightly or not at all. These patients may have had either a larger or more efficient antigen-presenting cell population (B cells can also present antigens; 6) or a more recent subclinical reactivation of their CMV. A few CMV-seropositive persons were poor responders also with monocytes. The reason for this is not clear. It may be technical or due to some of the primary CMV strains used in these experiments being antigenically disparate from the patient's own latent strain (11, 28a) .
We used autologous monocytes to obtain maximal responses, since the type of restriction operative with CMV is not known. Mainly T4+ cells were activated by the interaction of lymphocytes with CMV. T4+ cells were previously shown to appear after CMV stimulation in vitro (2) . During CMV infection in vivo, T8+ cells increase and T4+ cells decrease (5 (10, 21) . This apparently did not affect their role as antigen-presenting cells, since the percentage of cells infected did not influence DNA synthesis. Infectiousness was previously shown to be related to the virus isolate rather than properties of the monocyte donor (10) .
The adequate and virus-specific response obtained with Isopaque-Ficoll-prepared mononuclear cells (27; this paper) is almost certainly dependent on the population of endogenous monocytes. With CMV-incubated monocytes, lymphocyte responses were considerably greater than those described by other authors and in our own previous publications (27) .
The slightly raised DNA synthesis with monocytes in some CMV-seronegative persons can perhaps be ascribed to the general cell DNA and polyclonal B-cell-stimulating effects described for CMV (12, 13, 22) .
CMV had a direct suppressive effect on mitogen stimulation. This occurred in both seropositive and seronegative persons. Such overall suppression may contribute both to the suppression seen in clinical CMV disease and to the lowered mitogenic responses in vitro of lymphocytes from immunosuppressed patients (5, 16c, 28) . It is not known whether this suppressive effect also includes specific killing in seropositive individuals. CMV infection or stimulation thus has a dual effect: specific stimulation of primed lymphocytes but also suppressive effects on polyclonal T-cell response. Cytolytic T cells are mainly recruited by the viral antigen presented together with class I antigens (18-20, 29, 30) , and it should be relevant to study the kinetics of lymphocytes cytolytic to CMV-infected cells.
The method presented for specifically enhancing DNA synthesis by autologous monocyte addition appears of interest, since cellular reactivity measured this way may indicate the patient's ability to respond to disease at an early stage. 
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